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susceptibility to common cold in otherwise healthy, adult civilians. However, no investigations 4 have examined the importance of sleep duration on upper respiratory tract infection (URTI) and 5 loss of training days in military recruits. The purpose of this study was to describe self-reported 6 sleep duration in a large cohort of military recruits and to assess the relationship between 7
reported sleep duration and incidence of URTI's. We hypothesized that recruits who reported 8 sleeping less than the recommended 7-9 hours per night during training suffered a greater 9
incidence of URTI and, as a consequence, lost more training days compared with recruits who 10 met sleep recommendations. Materials and Methods: Participants included 651 British Army 11 recruits aged 22 ± 3 years who completed 13 weeks of basic military training (67% males, 33% 12 females). Participants were members of 21 platoons (11 male, 10 female) who commenced 13 training across four seasons (19% winter, 20% spring, 29% summer and 32% autumn). At the 14 start and completion of training, participants completed a questionnaire asking the typical time 15 they went to sleep and awoke. Incidence of physician-diagnosed URTI and lost training days due 16 to URTI were retrieved from medical records. Results: Self-reported sleep duration decreased 17 from before to during training (8.5 ± 1.6 vs. 7.0 ± 0.8 hours; P < 0.01). Prior to training, 13% of 18 participants reported sleeping less than the recommended 7 hours sleep per night; however, this 19 increased to 38% during training (X 2 = 3.8; P = 0.05). Overall, 49 participants (8%) were 20 diagnosed by a physician with at least one URTI, and 3 participants (<1%) were diagnosed with 21 two URTI's. After controlling for sex, BMI, season of recruitment, smoking, and alcohol, 22 participants who reported sleeping less than 6 hours per night during training were four times 23 more likely to be diagnosed with URTI compared with participants who slept 7−9 hours per 24 night in a logistic regression model (OR 4.4; 95% CI, 1.5-12.9, P <0.01). On average, each 25 URTI resulted in 2.9 ± 1.5 lost training days. Participants who were diagnosed with URTI had 26 more overall lost training days for any illness compared to participants who did not report a 27 URTI during basic military training (3.3 ± 1.9 vs. 0.4 ± 1.3; P <0.01). Conclusion: In a large 28 population of British Army recruits, these findings show that more than one third of participants 29 failed to meet sleep duration recommendations during training. Furthermore, those who reported 30 sleeping less than 6 hours per night were four times more likely to be diagnosed with an URTI 31 and had more lost training days due to URTI. Since sleep restriction is considered a necessary 32 element of military training, future studies should examine interventions to reduce any negative 33 effects on immunity and host defense. Society recommend that young adults sleep 7-9 hours per night for health, well-being, and 40 optimal neurocognitive function.
1,2 Previous research in a small U.S. cohort (n = 64) has shown 41 that military recruits generally do not meet this recommendation, sleeping an average of 5-6 42 hours per night.
3 Although sleep restriction is considered a necessary part of military training, it 43 has been shown to impair physical performance, marksmanship, and attention during military 44 tasks.
3 Inadequate sleep duration has been shown to impair immune function, raising the risk for 45 both acute infections and chronic disease. 4 Sleep restriction may increase susceptibility to illness 46 by activating the hypothalamus-pituitary-adrenal axis and sympathetic nervous system. 5 These 47 changes disrupt normal circadian rhythm and immunoregulatory hormone release, inducing a 48 systemic low-level state of inflammation that reduces the body's local immune defense to 49 infection. For example, it has been shown that habitually sleeping less than 6 hours per night 50 increases susceptibility to common cold following exposure to rhinovirus in a civilian 51 population. 4 However, research has not examined the relationship between sleep and upper 52 respiratory tract infection (URTI) in military personnel and how illness affects training. 53
Typically, each adult experiences two to four URTI episodes per year, 6 with the highest rates 54 during the autumn common cold season. Compared to civilians, military recruits reportedly 55 experience a three to four times greater prevalence of respiratory infection due to co-habitation, 56 intense physical training, and potentially sleep restriction. 7 Military recruits who contract an 57 URTI lose valuable training time, hindering their individual progression and increasing medical 58 burden and financial cost of lost training time. 59
Disruptions in sleep patterns have effects on immune function that may directly impact 61 performance and increase discharge rates in military training. To date, no investigations have 62 examined the importance of sleep duration on URTI and subsequent loss of training days in 63 military recruits. Therefore, the purpose of this study was to describe self-reported sleep duration 64 in a large cohort of British Army recruits in basic military training to assess the relationship 65 between reported sleep duration and incidence of URTI's. We hypothesized that recruits who 66 reported sleeping less than the recommended 7-9 hours per night during training suffered a 67 greater incidence of URTI and, as a consequence, had more lost training days than recruits who 68 met sleep recommendations. This is the first large study to categorize chronic reported sleep 69 duration in male and female military recruits and identify associations with illness and lost 70 training across all four seasons. 
Statistical Analysis 112
All analyses were performed using SPSS 22.0 (IBM, Armonk, New York, USA). Sleep duration 113 prior to and during initial military training was categorized as <6 hours, 6 to <7 hours, 7 to 9 114 hours, and >9 hours according to the categories defined in sleep recommendation position 115 statements.
1,2 Since very few participants slept more than 9 hours per night during training (n = 116 10; 2%), 7-9 hours and >9 hours per night were collapsed for some analyses. A binary logistic 117 regression model was computed to predict URTI risk based on sleep duration during initial 118 military training after controlling for sex, BMI, alcohol, smoking and season of recruitment. Chi-119 square was computed to detect differences between categorical variables. Independent or Paired 120 Student T-test was used to detect significant differences between continuous variables. A P value 121 <0.05 indicated statistical significance. 122
123

RESULTS
124
Reported night time sleep duration before and during Army training 125
Prior to joining the Army, 57% of participants reported meeting sleep recommendations of 7-9 126 hours per night (Figure 1) . 1, 2 At the end of training, participants who reported meeting sleep 127 recommendations during the previous 13 weeks increased to 60% but only because participants 128 reporting more than 9 hours of sleep per night decreased during training (from 30% to 2%). 129
Overall, participants who reported sleeping less than 7 hours per night increased from 13% 130 before training to 38% during training (X 2 = 3.8; P = 0.05). Self-reported sleep duration 131 decreased from before to during training, falling to the lower end of professional 132 recommendations (8.5 ± 1.6 hours before to 7.0 ± 0.8 hours during; P < 0.01). Female 133 participants reported greater mean sleep duration than male participants prior to and during 134 training (females 8.7 ± 1.4 hours pre-training vs. 7.2 ± 0.9 hours during training; males 8.4 ± 1.7 135 hours pre-training vs. 6.9 ± 0.7 hours during training; P < 0.01). 136 137
Reported nighttime sleep influence on URTI and lost training days 138
Overall, 49 participants (8%) were diagnosed by a physician with at least one URTI, and 3 139 participants (<1%) were diagnosed with two URTI's during their 13 week training course. 140
Episodes of URTI were distributed across training with 50% occurring in the first six weeks, 141
19% of which occurred in the first two weeks. In a logistic regression model, participants who 142 reported sleeping less than 6 hours per night were four times more likely to be diagnosed with 143 URTI compared with participants who slept 7−9 hours per night after controlling for sex, BMI, 144 season of recruitment, smoking, and alcohol (OR 4.4; 95% CI, 1.5-12.9, P <0.01). Figure 2  145 shows that 21% of participants who slept less than 6 hours were diagnosed with at least one 146 URTI compared with 7% URTI incidence in participants who slept 6 to 9 hours (P = 0.02). 147 URTI's diagnosed in participants who slept less than 6 hours were reported in both sexes and 148 spread across five platoons and all four seasons. The majority (n = 26; 53%) of participants who 149 contracted a URTI started initial military training in the autumn, the UK common cold season. 
150
Particularly noteworthy was that of those who started training in the autumn, 40% of participants 151 who reported sleeping less than 6 hours per night were diagnosed with URTI, while 13% of 152 participants who reported sleeping 7-9 hours per night were diagnosed with URTI (X 2 = 9.0; P = 153 0.03). Each URTI resulted in 2.9 ± 1.5 lost training days. Participants who were diagnosed with a 154 URTI had more total lost training days for any illness compared with participants who did not 155 contract a URTI during initial military training (3.3 ± 1.9 vs. 0.4 ± 1.3; P <0.01; Figure 3) . 156
157
DISCUSSION 158
The aim of this study was to describe self-reported sleep duration in a large cohort of male and 159 female military recruits during 13 weeks of initial military training and to assess the relationship 160 between reported sleep duration and incidence of URTI's. Of the 651 participants in this study, 161 38% reported sleeping less than 7 hours per night during Army training, increasing from 13% 162 before the start of training (Figure 1 performance triad, a scheme that emphasizes sleep, along with nutrition and physical activity, to 172 improve health and readiness of its force. 10 The link between sleep, illness, and ability to train 173 has widespread implications for military training. Thus, teaching sleep hygiene to recruits early 174 in their career may reduce rates of sleep disorders in otherwise healthy young men and women 175 training to become soldiers. 176
We showed a high prevalence of inadequate self-reported sleep duration in military training, with 178 38% of military recruits reporting sleeping less than the recommended minimum of 7 hours per 179 night during Army training. Previous research in a sample of 66 U.S. Army recruits found that 180 self-reported mean nighttime sleep duration decreased from 8-9 hours before basic training to 5-181 6 hours during the first four weeks of training, although the distribution of recruits in each 182 category of sleep duration was not provided. 3 Comparably, participants in our study reported 183 mean nighttime sleep duration of approximately 7 hours, 1.5 fewer hours per night during 184 training compared to their civilian schedule, but our sample was larger, conducted at two UK 185 military locations, and covered a longer period of training (13 weeks vs. 4 weeks). Male and 186 female recruits completed Army training at separate military units commanded by different 187 military staff and schedules, which may explain why female participants reported greater sleep 188 duration than male participants during training (7.2 ± 0.9 vs. 6.9 ± 0.7 hours). Interestingly, 189 female participants also had greater sleep duration prior to military training, but the reasons for 190 this were not explored. Previous mixed-sex studies have not compared sleep duration between 191 male and female military personnel. in-turn suppressing immunity to infection. 17 We show that participants who did not meet sleep 215 recommendations suffered a greater incidence of URTI and missed more training than 216 participants who met sleep recommendations. Our data support findings from a healthy civilian 217 population showing that those who slept less than 6 hours per night had approximately four-fold 218 greater risk of developing a common cold (in a live common cold challenge model) compared to 219 those who slept at 7-9 hours per night. 4 Recruits generally have a higher risk for URTI compared 220 to civilians and trained service personnel because men and women come together from all over 221 the country, carrying different strains of infection into a shared living environment and 222 undertaking a challenging physical training schedule. 7 However, the incidence of URTI in this 223 sample was lower than normally reported, considering an individual typically contracts 2-4 224 respiratory infections per year 6 and only 8% of participants in our study were diagnosed by a 225 physician with an URTI. The low incidence may be explained by URTI confirmation with 226 physician diagnosis, which likely missed more minor illnesses that did not warrant a medical 227 visit, particularly in the resilient Armed forces culture. Reporting daily common cold symptoms 228
with a tool such as the Jackson Common Cold Questionnaire 18 would likely capture missed 229 URTI episodes to represent true incidence and the effect on training. For instance, 46% of 230
Olympic athletes who self-reported illness logged symptoms of URTI during autumn in Australia 231 (April-May), and each episode resulted in approximately four days of lost training. 19 However, 232 no link was identified between illness and self-reported sleep duration in those athletes. Our 233 study showed a significant influence of sleep on URTI during the common cold season: 234 participants who reported sleeping less than 6 hours per night during training had higher 235 physician diagnosed URTI incidence in the common cold season than participants who reported 236 sleeping 7-9 hours per night (40% vs. 13%). URTI's are responsible for 12,000-27,000 lost 237 training days per year in the US military, highlighting the burden of this illness. 7 We showed that 238 each URTI incidence requiring a visit to a physician decreased training by approximately three 239 days, and participants with URTI lost more total training time. Internal disruptions related to mental health, notably stress and depression, have well-known 286 influences on sleep duration and quality, 2 and chronic sleep restriction in service personnel 287 reduces resilience to depression and posttraumatic stress disorder. 22 Creating a homogenous 288 living arrangement to stratify recruits into groups with similar sleep-wake cycles would 289 encourage recruits to meet sleep recommendations. 290
291
In conclusion, these findings show that 38% of male and female British military recruits fail to 292 achieve minimum sleep duration recommendations of 7 hours per night during 13 weeks of 293 training. Participants who reported sleeping less than 6 hours per night were four times more 294 likely to be diagnosed with URTI than participants who reported sleeping 7-9 hours per night. 295
Diagnosis with a URTI impacts military readiness, as ill participants missed significantly more 296 training time. Practical recommendations are to encourage, when possible, 7 or more hours of 297 sleep per night to reduce risk of URTI, prevent recruits from missing training, and improve 298 overall health and morale. Since elements of military training necessitate sleep restriction, future 299 studies should examine interventions to reduce the negative effects on immunity that lead to 300 greater incidence of URTI and the impact on physical and cognitive performance. 301 Military recruits who reported sleeping less than 6 hours per night had higher 370 incidence of physician-diagnosed upper respiratory tract infection (URTI) than recruits sleeping 371 6 to 9 hours. *significantly greater than 6 to <7 hours and 7 to 9 hours (P = 0.02). 
